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(54) Power control method and apparatus for satellite based telecommunications system 



(57) A powei^control method and apparatus are pro- 
vided for a sateinte based telecomrminications system; 
The system includes a power control subsysteni^ich 
is operative withf systems operations center for distribut- 
ing available satellite power between earth statjcins. 
Each earth station includes a baseband manager which 
subdivides the available satellite power between siib- 
band beams emitted from the satellite. The earth station 
further includes beam processors which manage the 
power allocated to each subband within an assodated 
beam in order to maintain a desired signal quality in a 
forward link between the satellite and us^f terminals 
within the associated subbands. The beam processors 
communicate with modems, each of which is assigned "i 
to a particular user terminal. Each modem controls the 4) 
satellites transmission power in the fonward link to the 
user terminals to maintain a desired signal-to-noise 
ratio at the user terminal receiver. The signal-to-noise, 
ratio is determined by the corresponding beam proces- 
sor. The subsystem further provides a dynamic power 
control loop between user terminals in the fonward and 
return links to maintain a desired signal quality. The 
subsystem automatically controls the satellite output 
power level to ensure proper power emission by a satel- 
lite in connection with feeder links from multiple earth 
stations. 
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Description 

FIELD OF THE INVENTION 

The present invention generally relates to satellite 
based telecommunications. More specifically, the inven- 
tion relates to a power control subsystem for optimizing 
satellite power usage white maintaining a desired qual- 
ity of service with user terminals. 

BACKGROUND OF THE INVENTION 

Satellite based telecommunications systems have 
been proposed to provide cellular communications links 
between user terminals (mobile and fixed) and earth 
stations. The earth stations, in turn, connect the user 
terminals with remote originating/destination callers 
through public land mobile networks (PLMN), public 
switching telephone networks, other earth stations and 
satellites, and the like. Each user terminal communi- 
cates with an assigned earth station along correspond- 
ing fonward and return links which are supported by a 
satellite which has the user terminal and earth station in 
its field of view. 

Each satellite includes at least one antenna which 
defines its earth coverage region or footprint. The satel- 
lite antenna(s) divide the coverage region into multiple 
beam spots. Each beam spot is assigned at least one 
frequency subband along which communications sig- 
nals travel in the fonvard and return directions between 
user terminals and earth stations. Each subband may 
support communications from a plurality of user termi- 
nals. The user terminals are assigned unique transmis- 
sion channels or "circuits" within an associated 
sutsband. A channel or "circuit" represents a unique 
path along which the corresponding user terminal trans- 
mits and receives RF signals containing discrete frames 
or packets of communications data and/or command 
information. A channel or circuit may be defined in a 
variety of ways, depending upon the system's coding 
technique such as time division multiple access 
(TDMA). frequency division multiple access (FDMA) 
code division multiple access (CDMA), or any combina- 
tion thereof. 

The transmitters in each earth station, satellite and 
user terminal emit an RF signal with suff ident power to 
ensure that the intended receiver receives the RF signal 
with a desired quality of service. The quality of service 
of a communications link is dependent on the signal-to- 
noise ratio (SNR) of the RF signal. Different types of 
user terminals (portable, fixed, special, geographically 
specific, etc.) have associated minimum SNR levels 
required to afford a desired quality of service. Thus, 
each satellite must transmit RF signals in associated 
subbands at varying power levels to maintain the 
desired quality of service which depend upon the 
intended user terminal type. 

In addition, satellites vary the RF signal transmis- 
sion power levels between subbands and between 



10 



15 



20 



25 



30 



35 



40 



50 



1 



channels in a suttband to account for system factors, 
such as the position of the beam spot for an associated 
subband , the number of user terminals assigned to the , ^ , 

subband, the position of the user terminals within t he \/ p^s ' 
associated bearrTspol, the amount of Interference 
between the user terminal and satellite (rain, fog, 
clouds, etc.), the distance to the user terminal and the 
like. The above-noted system factors continuously 
change, and thus the satellite must continuously update j 
the transmission power level of RF signals in each sub- / 
band to each user terminal . tr* 

However, each satellite is afforded a limited supply 
of power Each satellite has many power denands upon 
this limited supply. Thus, it is desirable to maximize the 
transmission efficiency. To do so. satellite antennas 
have been implemented with nonlinear amplifiers which 
drive the antenna an-ay to transmit the RF signals. How- 
ever, driving the nonlinear amplifiers too far into satura- 
tion will cause excessive intermodulation distortion as 
well as reduced aniplifier reliability. 

A need remains for a satellite system which opti- 
mizes the satellite transmitter operating power level, 
while maintaining a desired quality of service at each 
user terminal. 

Moreover, proposed satellite systems have been 
unable satisfactorily control the " effectb/e isotropic r;^ i- 
at ed power" (EI^P) emitted by an earth station and 
received by a corresponding satellite. As noted above, 
an earth station passes RF signals to a desired user ter- 
minal along a forward link of a conrimunication channel. 
In the fonvard link, the associated satellite receives 
each RF signal via a feeder link with the earth station. 
The satellite then retransmits this received RF signal in 
tfie subband of the beam spot containing the destination 
user terminal. The satellite must transmit the RF signal 
at a power level sufficient to provide the desired signal- 
to-noise ratio (SNR) and quality of service at the user 
terminal. A need remains for a satellite system which -n \ 
affords contro l at the earth stetion of the power output of I €A^T4 
the satellite for each channel. <^ 

Each satellite may receive RF signals along multi- 
pie feeder links from multiple earth stations . Each earth V mal-K^ 
station is located a different distance from the satellite 
and at a different point within the satellite field of view. 
Consequently, RF signals from different earth stations 
may be received at different power levels. Power fluctu- 
ations in the received RF signal may further vary due to 
signal interference, such as clouds, rain and the like. 
Hence, RF signals from an earth station covered by 
clouds would be weaker than an RF signal from an 
earth station with no doud cover. A need remains for an 
improved feeder link between the earth stations and 
satellites. 

The present invention provides an inrtpnoved p!iwi^ef 
control satellite subsystem which overcomesthe disad- 
vantages discussed above and experienced in the past.. 
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OBJECTS OF THE INVENTION 

^^^^^^ It is an object of the present invention to provide a 
power comrol subsystem for a satellite based telecom' 
munications system which optimally allocates power 
among earth stations with respect to con-esponding 
coverage satellites,. 

It is a further object of the present invention to 
ensure that the earth stations, satellites and user termi- 
^ nals operate within federally mandated power flux den-; 
^ sityjimits (PFD liiyiits ). 

It is a further object of the present invention to pro- ' 
vide an adjustable quality of sen^ice within fonward and 
return communications links between earth statio iisarKf 
user term inals. 

' ^It'STcoroliary object of the present invention to 
enable the quality of service to be adjusted bas^ on : 
^/satellite loading^ usgLPOsition vvithjn 

of viewrthe forward link signai-tb-^ and termi- 

nal type. 

It is yet a further object of the present invention to - 

ensure that the nfwer control subsystem maintaiQs:ppti- 
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™[ .'^ I^ :^^?g^ usage approaches 

^ m^amunveewe^^ ' U 
^^"TtlsTet a further object of the present invention to 
initiate handover operations between beams and/or sat- 
ellites to optimize satellite power load management. 

It is another object of the present invention to pro- 
vide an aggregate power control subsystem which dis- 
tributes satellite RF signal power resources between 
multiple earth stations in such a way that the anpIKiers 
driving the satellite-to-user transmitters are operated at 
a desired point within a nonlin^r operating range to 
avoid sigiial distortion. 

It is a further object of the present invention to pro- 
vide a two-way user-level dynamic (DOwer control sys- 
tem which adjusts power transmitted to and from an 
individual user terminal to maintain a desired signal 
quality at the user terminal and at the earth station. 
y Another object of the present invention is to pro- 
vide, auto matic level c oiTtrgU rf the earth station trans - 
missioivpower (EI RPfand receive feeder link power at 
tlresatelliter^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a block diagram of a satellite based 
telecommunications system according to the prefen'ed 
embodiment of the present invention. 

Fig. 2A illustrates a block diagram of an earth sta- 
tion of a prefen'ed embodiment of the present invention. 

Fig. 2B illustrates a detailed block diagram of the 
baseband manager and beam processor according to a 
preferred embodiment of the present invention. 

Figs. 3A-3C illustrate the processing sequence fol- 
lowed by the satellite power manager of the preferred 
embodiment of the present invention. 

Fig. 4 illustrates a more detailed block diagram of 
the beam processor of the preferred embodiment of the 



present invention. 

Figs. 5A and 58 illustrate the processing sequence 
carried out by the beam processor of Fig. 4 according to 
the prefen-ed embodiment of the present invention. 
5 Rg. 6 illustrates a fonward link power control loop 
between an earth station and a user terminal according 
to the preferred embodiment of the present invention, 

Rg. 7 illustrates a return link power control loop 
according to a prefenred embodiment of the present 
70 invention. 

Rg. 8 illustrates an automatic level controller car- 
ried out according to the prefen'ed embodiment of the 
present invention. 

Rgs. 9A and 9B illustrate exemplary RF signals 
\ 15 transmitted in connection with the power level controller 
of Fig. 8 according to the preferred emtxxliment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Rg. 1 generally illustrates a satellite based tele? 
communications system representative of a preferred 
embodiment;.The system includes a plurality of i^er tet^ 
minals 1 0 which cornmuhicate with corresponding ^rth 
stations 16 via average satellites 12. Each user termi- 
nal 5omrTUjnicates with its assigned earth station via a 
unique communications channel. A channel includes a 
fonward link from the earth station to the user terminal 
30 and a return link from the user terminal to the earth sta- 
tion. Each fonward and return link is further divided into 
an earth station-to-satellite section and a user terminal- 
to-satellite section. Each channel carries RF signalsr- 
within a preassigned subband having a central earner 
35 cf requency Each satellite divides its coverage area (e.g. , t> 
field of view) Into rnultiple beam spots. Each b^m spot 
may support one or more subbands. Thus, the carrier 
frequency of a particular channel is dependent i^jon the^. 
beam spot covering the user termirial. Fig. 1 illustrates 
40 an exemplary implementation of this communications 
architecture. 

As illustrated in Fig. 1 , satellite 30 divides its cover- 
age area into three beam spots , the boundaries-of ^ 
which are defined by d^hed lines 32-35. Beam spot 36 
45 covers a f irst group of user terminals, while beam spot 
38 covers a second group of user terminals. Terminals 
40 and 42 communicate along channels 44 and 46, 
respectively, with earth station 28. Channel 44 includes 
a fonward link 48 and a return link 50. The s atellite 30 < 
so relay s RFsignaj s along channels 44 and 46 to the earth 
station 28. ' * 
Satellite 31 similarly includes multiple beam spots 
48 and 50 which support communications between 
earth station 29 and user terminal 52, User terminal 52 
55 communicates along channel 56 which includes a for- 
ward link 58 and a return link 60. As shown by channel 
62. earth station 28 may also communicate with user 
terminals (i.e., terminal 54) which are covered by satel- 
lite 31 . Earth station 28 communicates with user termi- 
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nal 54 via channel 62. 

The earth stations 28 and 29 communicate with a 
system operations center (SOC) 20 through communi- 
cation lines 22 and 23. The SOC 20 includes a satellite 
power distribution manager 70 which distributes power 
among the satellites 30 and 31 as explained below. 

The earth station 28 include a baseband manager 
150 which communicates with SOC 20 and manages 
power output of the satellite 30 within subbands 
assigned to the earth station 28. The baseband man- 
ager 1 50 communicates with a plurality of beam proces- 
sors 152. Each beam processor is associated with a 
unique beam emitted by the satellite 30. Thus, unique 
beam processors manage communications witNn cor- 
responding beams 36 and 38. Each beam processor 
152 reallocates power between channels within the cor- 
responding beam as explained below. Each beam proc- 
essor 152 communicates with a plurality of modems 
rAl54. Each modem 154 is uniquely associated with a 
channel and operatesitp mairitejn a desir^ so 
Rftivice-(i.e.vrsjg na^ an associated 

^user terminal^The ou^)uts of the modems 154 are com - 
bine d and transmitted via antenna 43 to the satellite 30 
ascomgosrte^R Fslqnais.^ 

The user terminals 10 may be of differing types, 
such as portable terminals, cellular terminals, fixed/sta- 
tionary terminals, special terminals, geographically spe- 
cific terminals and the like. 

— It is understood that only a subset 74 of the user ter- 
minals may be actively communicating at any given 
time. The system allocates a number of "radio 
^ resources" to ea ch eartfvs tetipn. Radio resources rep- 

subbands 
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resent the number of'channels and/or 
assigned to an earth station. Thus, while a group of 
channels or radio resources 76 may be assigned to an 
earth station, only the subset 74 of these terminals will 
be using radio resources to actively communicate. 

By way of example, the system may register the 
user terminals in set 76 with earth station 28 since these 
terminals are located in a predefined, fixed geographic 
zone of coverage assigned to the earth station. Option- 
ally, this registration may be stored on a visitor location 
register stored at an earth station, at the SOC, or at a 
separate module which communicates with the earth 
stations. Alternatively, the system may calculate, 
through past system demands, a number of user termi- 
nals which historically have attenpted to establish com- 
munications links with the earth station 28 at a given 
time of day. Based on these calculations, the SOC 20 
informs the earth station 28 of a predicted number of 
channels to be needed as group 76 associated with 
beam spot 36. Optionally, in a CDMA or TDMA coded 
system, the SOC 20 may provide a number of codes 
usable by the earth station for each subband. The SOC 
further informs the earth station 28 of the number of 
user terminals expected to be in group 84 which will 
communicate along subbands corresponding to beam 
spot 38. 

The user terminals 10 may be of differing types. 
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such as portable terminals, cellular terminals, fixed/sta- 
tionary terminals, special terminals, geographically spe- 
cific terminals and the like. It is understood that only a 
subset 74 of the user terminals may be actively commu- 
nicating at any given time. Thus, while a group 76 of 
user tenninals 10 may be assigned to earth station 28. 
only a subset 74 of these terminals will be actively 
engaged in communications at any given time. 

Satellite 30 emits RF signals along each fonward 
transmission link in channels 44 and 46 at a power 
demand level determined by the earth station 28 (as 
explained below). 

Each subband may support multiple communica- 
tions channels based on any of several communication 
techniques, such as TDMA. FDMA, CDMA, and any 
combination thereof. The transmission power levels of 
all channels within a sU)band are combined to deter- 
mine the power demand at the satellite for the associ- 
ated subband. Each earth station is assigned to 
individual beam spots and operates to control the power 
demand for each subband witiiin the beam spot By way h 
of example, a satellite 30 may cooperate with a single I 
earth station 28 and thus, the earth station 28 controls 
the power demand off every beam spot for tiie satellite.<o 
However, when multiple earth stations 28 and 32 oper- 
ate witii a single satellite 31, each earth station is 
assigned to a subset of the beam spots ffor the satellite 
31. For instance, earth station 28 may be assigned all 
user terminals in beam spot 48. while earth station 29 
may be assigned all user terminals in tiie remaining 
beam spots 49 and 50. Accordingly, earth station 28 will 
control the power emitted by the satellite 31 within beam 
spot 48. while earth station 29 would control the power 
emitted by ttie satellite within the remaining beam spots. 

The systems operation center (SOC) 20 is respon- 
sible for distributing the power available for use by each 
satellite. The systems operation center (SOC) 20 
Include a satellite power distribtjtibn manager 70. The 
satellite power distribution manager 70 determines the 
t otal transmission power capacit y of each satellite and 
divides the satellite's available power among the multi- 
ple earth stations communicating with the satellite. The ^ , 
satellite's total available power and distribution per eartii 
station may be detemiined in a variety of manners, such 
as from preassigned values for each satellite stored in a 
data base 72. Optionally, the power distribution man-<h 
ager 70 may empirically calculate the power distribution 
between earth stations for a satdlite based on historica l 
use data evidencing past demands of the satellite over 
a desired period of time. As a further alternative, th^ fl 
powerdsfai bution manager 34 may periodically recajcu- \ 
iS^TfietotaTpovs^^ satel lite base dgp 

powiTfeeaBaarreport eacfTe^Tst^pn. As yet' 
a^further-^efhativerthe"-power^sfr^ be 
based on the nunt>er of usert erminals registered in ia 
zone^Tcgver^M^e syste^ poiwer may De 
siftftlSlooptifrMze or equally load each satellite by reas 
signing user terminals and/or subbands between satel 
lites and/or earth stations. 
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The SOC 20 informs each earth station*28 and 29^* 
of the available satellite power which may be used in 
connection with user terminals assigned to the ^rth 
station. For instance, the SOC 20 may inform earth sta^ . 
tion 28 that it may distribute 500 watts betweeji the 
beams/subbands of satellite 30 which are assigned to 
the earth station 28/ and 200 watts among the 
beams/subbands of satellite 31 which are assigned tors 
[—earth station 28. Thus, earths station 28 may instruct \ 
satellite 30 to transmit up to 500 watts of transmission 
power within the subbands assigned to earth station 28. J 
Similarly, the earth station 28 may instruct satellite 31 to 
transit up to 200 watts of power in the beams/subbands 
assigned to earth station 28. In addition, the SOC 20 
' may inform each earth stetion^^ 

whidi^raybe transrntoed by each satd 
p per beam spot T his power limit is determined by,^he 
SOC 20 in orde r to ensure that the overall system does 
not'exceed 'thepowenrux regulatory requi re- 

mi^Ss egablished by the Federal Communications 

-—Upon receiving the satelfite power allocatiws ard 
regulatory^^ each ea^tfijteJiQd 

thereafter independently (^rrtrols^hepoj^^ 
^ _ signals transjTwtt^by satellites to^e^^ 

^ ^eS^Sined below, the baseband managers 1 50 In the 
earth statiorejdfetdbutii,^tell^^ 
amongihe predicted channels without ^exceedin g the 
subband regulatory power limiteand the satellite's avail- 
able power assigned to the corresponding earth statiCHi. 

Throughout operation, each earth station provkies 
^ power dem and feedback information to the SOC 20 
which is used to updafe the poyyer aHocation among the 
^arth stations. By way of example, the feedback infor- 
mation may include the total power required of the sat- 
ellite to maintain communications links with minimum 
signal quality. In this manner, the SOC 20 monitors th 
actual and required satellite power usage relative to 

C ideal operating power levels. The SOC 20 periodically 
updates the satellite power allocations to each earth 
station based on feedback information from the earth 
stations concerning loads and required satellite trans- 
hnitter operating power levels^ 

Optionally, a mobile link test module 24 may be pro- 
vided for measuring a satellite transmitter operating 
level. The test module 24 communicates measurements 
directed to the SOC 20. Alternatively, or in addition, a 
telemetry channel may be maintained between the sat- 
ellite and each associated earth station. When the 
telemetry channel is used, the satellite may telemeter 
transmission operating information to the earth station 
which in turn relays it to the SOC 20. The SOC 20 in 
turn utilizes ttie telemetered satellite operating infomia- 
tion virtiile updating the power allocations. 

Each earth station estimates its cunrent total satel- 
lite power usage relative to tiie allocated power. Each 
earth station estimates and controls its satellite power 
usage per subband per beam relative to tiie regulatory 
power limits provided by the SOC 20. Each earth station 



performs user level power control and dynamic fade 
margin adjustments for each user (as explained below). 
Periodically, the earth stations report total satellite 
power usage, along with power usage per subband per 
5 beam for each associated satellite. 

Tuming to Fig. 2A. an earth station 28 is illustrated 
in more detail. The earth station includes a baseband 
manager 150, a plurality of beam processors 152, and a 
plurality of modems 154. Each beam processor oper- 
10 ates in connection witii an assigned beam emitted by 
the satellite. Each beam processor includes one or 
more sutiband power managers 156 which manage 
power distribution among the subbands in the associ- 
ated t>eam. Each subband power manager 156 commu- 
nicates with a plurality of modems 154. Each modem 
\l54 operates in connection with a single channel 
>igned to a particular user terminal. Each subband 
_/ver manager 156 communicates witii all of tiie 
/modems 154 which support channels in a single cone- 
sponding subband. Each modem 154 includes a for- 
"ward link power controller 160 which controls the power 
emitted by the satellite within tiie subband conespond- 
ing to the channel assigned to tiie nxxlem 154. Each 
modem 154 includes a modulator 162 and a demodula- 
tor 164 for modulating and demodulating RF signals 
transmitted from and received by the earth station in 
connection vwtii tiie associated channel. The RF signals - 
emitted by modulators 162 within modems 154 corre- 
sponding to a single subband are combined at a sum- 
mer 166 prior to transmission to form a composite RF 
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signal for the subband. The composite RF signals are 
transmitted along with a reference tone (explained 
below). ' 

The baseband manager 150 includes a satellite 
power manager 158 and beam load manager 161 which 
operates according to the flow process illustrated in 
^ Figs. 3A-3C to control power distribution among beams -i 
transmitted by the satellite to user terminals assigned toj 
/i^e earth station. ^ 
Rg. 2B illusti'ates the interconnection between tiie 
basetjand manager 150 and a beam processor 152 in 
more detail. The satellite power manager 158 receives 
the total satellite power allocation for the earth station 
from the SOC. The satellite power manager 158 also 
receives ttie number of expected channels to be 
assigned to tiie eartii station per beam of the associ- 
ated satellite. The satellite power manager 158 
receives, as feedback, the difference between ttie 
required and allocated total power per subband for each 
beam from the beam processor 152. The satellite power 
manager 158 communicates with the data base 153 
which may store PFD limits downloadable from the 
SOC. The PFD limits may be accessed by geographic 
region and carrier frequency which are dependent upon 
the satellite's current position and ttie beam of interest. 
Refening to Fig. 3A, tiie satellite power manager 158 
obtains (step 170) the total available satellite power 
from ttie SOC 20. At step 172, the satellite power man- 
ager 158 obtains ttie subband PFD limits and at step 
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174 Obtains the channel assignments per beam (from 
the SOC 20 or a database). At step 176. the satellite 
power manager determines the power to be allocated to 
each subband. 

This determination may be based on the number of 
potential user terminals expected to request channels 
within a particular subband. Alternatively, this determi- 
nation may be based on the position within the satellites 
field of view of the beam containing the present sub- 
band. As a further alternative, the subband power allo- 
cations may be based on data concerning past usage 
demands. By way of example, user terminals may regis- 
ter according to one of several processes set forth in co- 
pending applications entitled "Satellite Based Cellular 
Telecommunications System Utilizing A Multiple Regis- 
tration Location Register" and entitled "Earth Stationed 
Subsystem" filed on or about May 1 . 1 996 aruJ assigned 
to the assignee of the present invention. The two above 
noted co-pending application are incorporated herein by 
reference in their entirety. At step 178. the subband 
power allocations are passed to con-esponding sub- 
band power managers 1 58. ^ 

At step 180, the sa tellite power manager J Sgtv 
obtairg^^the fe^^d^^gfgnen^ 
reqlJired^wei^nd^ ^o"^ 
tfirStSfena Power Manager 156. At step 182. the sat- 
ellite power manager 158 <gmbines the fe^back dj^^^ 
entials for alt of the subbahds of the current satellite and 
reg^. to theJSOC. me totel r^uiredpower and the 
total allbcated sateliite^i^Next. the satellite power 
managVTsfrepoi^loT^ beam load manager 161 
(Fig. 2B) the required subband power and the allocated 
subband power. Next it determines that step 186 (Fig- 
SB) whether the allocated subband power exceeds the 
required subband power. H so. control passes to step 
190 at which the satellite power manager 158 records, 
the amount of excess subband power for future use^y 
other subbands which may need additional power. 
Returning to step 186. if the allocated subband power 
does not exceed the required power, then the sut*and 
needs additional power. Hence, flow passes to step 188 
at which the satellite power manager 158 determines 
whether other subbands have recorded excess power 
which may be reallocated to the present subband in 
need of additional power. At step 192, if such additional 
power exists, the satellite power manager 158 reallo- 
cates the power from the subband in excess to the sub- 
band in need and passes new power allocations per 
sut±>and to the subband power manager 156. Excess 
power represents the power allotted to a subband, but 
not needed to achieve the desired quality of service for 
the user terminals currently in use. The excess power 
report also indicates when the user terminals demand 
more power from a particular beam than has been allo- 
cated thereto by the satellite power manager 158. The 
satellite power manager 158 uses the excess power 
report to reallocate power between beams, such as 
when one beam requires more power than has been 
allocated thereto, while an adjacent beam does not 



^ require all of its allotted power. 

When the excess power reports for all of the beams 
assigned to the earth station indicate that additional 
power remains, optionally, the satellite power manager 
5 1 58 may distribute the excess additional power among 
the subbands. The distribution of additional power may 
be even or uneven according to some other desired 
function. Once the manager 158 allocates all of the 
available power to the beam spots, the baseband man- 
to ager 150 reports back to the SOC 20 the difference 
between the necessary minimum total satellite power 
and the allotted power. Thus, if the beams assigned to 
the earth station 28 only require 80% of the total power 
allocated by the SOC 20, the baseband manager 150 
15 returns this information to the SOC 20. Optionally, the 
SOC 20 may shift the unneeded 20% to beams upon 
the satellite which have been assigned to a different 
earth station by outputling new satellite power allocation 
amounts. 

20 According to the foregoing process, the baseband 
manager 150 continu ously update s the sutjaandjov^ 
allocations for each 6eam based on the total satelljte 
pow^location, the PFD limte and the usage recorded 
from each beanr) processor 152/ 
25 Turning to Rg. 4. a beam processor 152 is illus- 
trated in more detail. The beam processor 152 includes^ 
a subband power manager 1 56 which includes a signal- ' 
to-noise (SNR) ratio calculation module 157. The SNR 
calculation module 157 accesses a data base 155 (Rg. 
30 2) to obtain a required SNR value for the current user , 
terminal based on the user terminal's type. The user ter-.^ 
minal's type may be provided by the baseband manager 
1 50. or may be stored in data base 1 55. The SNR valu e^ 
obtained from data base 155 represents a rginimum 
35 requir^_SNR value nece^^ 

service deisirea"By"t^^ e "ser terminal. The SNR calcula- 
tion module' 157Turther receives tne fbnward link SNR 
variance from the modem assigned to the cun-ent user 
terminal. The SNR calculation module 157 also obtains 
40 a "fad e margi n" for the current channel associated with 
the clin-ent user terminal. The lade margin" represents 
a predetermined bias value added to the minimum 
required SNR value for a user terminal in order to com- 
pensate for rapid fluctuations in the received power level 
45 at the user terminal. These f luctuatior^ are sufficiently 
rapid that they are difficult to con-ect by the system 
through its normal power control loop. Thus, a bias or 
"fade margin" is added to the minimum SNR value to 
ensure that, during a minimum of a rapid fluctuation, the 
so power level never falls below the lowest acceptable 
value. The beam processor may determine the fade 
margin for each user terminal based on the subband 
power allocation received from the satellite power man- 
ager 158. the user terminal type and position within an 
55 associated beam spot. The fade margin may also be 
determined based on fon^vard SNR feedback statistics 
reported from a modem 154 corresponding to the cur- 
rent user terminal. The fade margin may also be based 
on the curent power usage of the modem. The SNR 
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calculation module 157 combines the required SNRS^ 
value. SNR variance and fade margin to generate a new 
required SNR value for the forward link (FL) with the cur- 
rent user terminal. This required FL SNR value is sup- 
plied to the modem control module 159. 

Figs. 5A and 5B illustrate the processing sequence 
earned out by the subband power manager 156. Initially, 
modem controller 159 obtains the subband power allo- 
cation from the satellite power manager 1 58 for the cur- 
rent subband (step 200). At step 202. the SNR 
calculation module 157 calculates the required SNR 
value as desaibed above. The modem controller 159 
outputs the desired SNR value to the modem 1 54 corre- 
sponding to the cun-ent channel within the cun-ent sub- 
band. The modem controller 1 59 also outputs the power 
limit which may not be exceeded by the modem. The 
modem 154 drives the satellite to emit sufficient power 
in the fonwarcl link to establish the desired SNR value at 
the user terrrtnal. The modem thereafter returns the 
power level required of the satellite to achieve the 
desired SNR value. The modem con golier 1 59 recgives 
feedbaidLjnforjnatipn from all of the modems <x>rre- 
sponding to the curent subband and cleteirnines 
totaU^uir^^powe!^^ 

the desired SNR values for each channel within the cur- 
prent subband. The modem controller 159 then deter- 
mines whether the allocated power for the current 
subband exceeds or Is less than the total power 
required to achieve the desired SNR values for each 
vactive channel within the sttoband; The modem control- 
ler 159 distributes this excess power by determining a 
desired fonward link (FL) SNR value for each user termi- 
nal. The desired FL-SNR value represents the SNR 
level to be maintained by each modem for the fonward 
link of the associated channel. The modem controller 
159 calculates the desired SNR level for the cun-ent 
modem based on the associated user terminal's desired 
FL-SNR value and the excess power available (step 206 
in Fig. 5A). The modem controller 159 outputs the 
desired FL-SNR value and outputs the maximum power 
level to which the nrKxlem may drive the satellite trans- 
mitter fotthe associated channel, 

As explained below, each modem 154 continuously 
adjusts the output power of its associated channel to 
maintain the desired received SNR value in the pres- 
ence of beam spot motion and user motion. Thereafter, 
the modem returns, to the modem controller 159, the 
fonward link satellite output power level emitted in the 
cun-ent channel by the satellite. At step 208, the modem 
controller 159 combines FL required modem power lev- 
els returned from each modem for a subband to deter- 
mine the total sutDband power. The modem controller 
159 obtains a difference between the required FL sub- 
band power and the available FL subband power allot- 
ted by the baseband manager and returns a difference 
power level to the satellite power manager 158 (step 
210). The subband power difference represents the dif- 
ference between the available subband power, as pro- 
vided by the baseband manager, and the required 
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subband power, as determined by the feedback, from 
the modems for the curt*ent subband. 

Turning to Fig. 5B. once the subband power differ- 
ence is calculated at step 210, flow passes to step 212 
at which the controller 157 detennines whether the allo- 
cated subband power exceeds the required subband 
power. If so. the excess power is distributed among the 
modems in a desired manner (step 214). In addition, 
this excess is reported back to the satellite power man- 
ager 158. As explained above, the satellite power man- 
ager 158 may decide to take away the excess power 
from the cun-ent subband and allocate it to another sub- 
band and/or beam (see Figs. 3A and 3B). If the decision 
in step 212 is negative, the flow passes to step 216 at 
which it is determined whether the required subband 
power exceeds the allocated subband power. If so, the 
modem controller 159 reduces the desired FL-SNR val- 
ues for the user terminals within the cunrent subband in 
order that the output power level associated with the 
desired FL-SNR values does not exceed the allocated 
power level. 

Optionally, the desired FL-SNR value for each user 
terminal may be reduced unevenly across the subband 
such as to maintain the desired FL-SNR value of each 
user terminal by a proportional amount alxtve the mini- 
mum required FL-SNR value for each user terminal. 
This overpowered condition is reported at step 218 to 
the satellite power manager 158 which will subse- 
quently, if possible, allocate additional power to the sub- 
band in an overpowered state (as explained above in 
connection with Figs. 3A and 38). In addition, at step 
220, the subband load manager 163 may be instructed 
to direct new calls to and from user terminals in the 
same beam to another subband other than the current 
subband which is operating in an overloaded power 
slate. Thus, the subband load manager 163 distributes 
new calls among the subbands in order to avoid over- 
loading of a single sUbband. The subband load man- 
ager 163 may operate independently in response to the 
feedback reported from the subband power manager 
156 or alternatively under the direct control of the beam 
load manager 161 in the baseband manager 150. 

At step 192 (Fig. SB), the beam load manager 161 
may determine which sut>bands within the current beam 
use the least power to direct the subband load manager 
163 to redirect new calls accordingly. The beam load 
manager 161 then assigns a new channel to this under- 
powered subband and relays the channel assignment to 
the subband load manager 163. The subband load 
manager 163 then uses this assignment information to 
establish a new channel with the new user terminal. 

Optionally, at step 222, a handover processor 165 
within the subband load manager 163 may be activated 
to handover one or more active channels from the cur- 
rent subband to a different subband within the same 
beam spot. By handing over charinels between sub- 
bands in this matter the handover processor 165 shifts 
load between subbands. The handover processor 165 
may be controlled by the suMaand power manager 156 
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and/or by the beam load manager 161. If controlled by 
the subband power manager 156, the handover proces- 
sor 165 receives its instructions to effect a handover at 
step 222 (Fig. SB). If the handover proctor 165 is 
controlled by the beamdoaditoanager-l 61 . the handover 
instructions will transmitted at step 192 (Fig. 3B) as 
part of the subband power reallocation process can^ied 
out by the baseband manager 150. 

According to the above process, each beam proc- 
essor 152 receives, from the satellite power manager 
158, the total power allocated for each subband within 
the associated beam. The beam processor 152 
receives, from each modem 154, the current power out- 
put level for each forward link to an active user terminal, 
along with the variance within the fonward link's signal- 

r7>to-noise ratio. The signal-to-noise ratio variance repre- 
sents the statistical difference in the SNR value 
received at the user terminal and thedesired SNR value 

^assigned to the modem 154. The beam processor 152 
may receive from each modem 1 54 the type of user ter- 
minal being serviced by the modem 154 in an active 
communications link. 

The beam processor 152 outputs a desired FL- 
SNR value to be received at the user terminal, along 
with a maximum satellite power output in connection 
with each modem 154. TTie beam processor 152 
returns to the satellite power manager 158 a difference 
between the available subband power and the required 
subband power for each subband within the beam asso- 
ciated with the cun*ent beam processor. The beam proc- 
essor 152 may access a data base 155 to obtain 
required FL-SNR values for each type of user terminal 
and any other desired SNR statistics, such as high vari- 
ance, low variance, etc. The data base of SNR values is 
downloadable from the baseband manager each tme 
the l)eam processor is assigned to a new beam. Thus, 
the content of the data base 155 may be a function of 
the cunent beam's position within the satellite's field of 
view. 

Rg. 3C illustrates the processing sequence fol- 
lowed by the satellite power manager 1 58 when it deter- 
mines that the total demand of all subbands in all beams 
assigned to the present baseband manager (earth sta- 
tion) exceed the satellite power allocation for these 
beams (step 194). At step 196, the satellite power man- 
ager 158 reduces the subband power allocations for all 
beams associated with the current earth station. This 
reduction may be performed according to a predefined 
fixed threshold value for each subband. Alternatively, 
this power reduction may be performed according to a 
predefined or calculated percentage of the total power 
allocated to each sut>band in order to reduce the sub- 
bands more evenly. At step 198. the satellite power 
manager 158 informs the SOC that the power demand 
has exceeded the allocated power for the beams corre- 
sponding to the cunrent earth station. As explained 
above, the SOC may redistribute power allocation 
between earth stations to more evenly load the satel- 
lites and beams therein. Optionally the SOC may also 



^ reassign user terminals and/or subbands and/or beams 
between overlapping satellites to shift load from the sat- 
ellite operating in an overloaded position to a satellite 
operating In an underloaded state. 

5 Next, the discussion turns to the power control 
loops used in connection with thefonward link FL(Fig. 6) 
and the return link RL (Fig. 7) of a channel to ensure a 
desired signal quality at the user terminal 10 and at the 
earth station 20, respectively. 

10 Beginning with Fig. 6. an earth station 28 and a 
user terminal 10 are illustrated. While the intermediate 
satellite has not been illustrated, it is understood that 
the communications links between the earth station and 
user terminal 28 and 10 pass through an associated 

15 coverage satellite. The earth station 28 includes a trans- 
mitter 11 which transmits RF signals along a fonward 
link FL to a receiver 2 at the user terminal 10. The 
receiver 2 passes the incoming RF signal to a signal 
processor 4 which determines the received signal qual- 

20 ity {e.g.. SNR). The signal processor 4 outputs a signal- 
to-noise ratio (SNR) value corresponding to the 
received RF signal. The SNR value Is combined in a 
multiplexor 6 with an outgoing traffic signal which is 
passied to the transmitter 8 and transmitted to the earth 

25 station 28 via an RF return link RL. A receiver 9 at the 
earth station 28 receives the RF signal upon the return 
link RL The RF signal is passed to a modem 154 which 
demodulates the RF signals and demultiplexes the SNR 
value from the traffic information. The modem 154 com- 

30 pares the received SNR value with the desired SNR 
value (delivered from the corresponding beam proces- 

E^sor 152). Based on this comparison, the modem; 154 — 
increases or decreases a power level supplied to the 
, transmitter 1 1. As explained below the power level set- 
35 ting instructs the sateinte to inaease or decrees 
output transmission power of subsequent RF signals . 
along the associated fonward link. ^ 

The power level control loop of Fig. 6 is repeated 
continuously throughout communication between an 
40 earth station and each active user terminal in order to 
maintain the output power of the satellite at a level suffi- 
cient to ensure that the received SNR value at the user 
terminal 10 substantially con^esponds to the desired 
SNR value determined in the earth station 28. Option- 
45 ally the signal processor 4 may be modified to calculate 
the received SNR value based on several incoming RF 
signals in order to obtain an average of these multiple 
received SNR values. By averaging the received SNR 
values lor multiple incoming samples, the processor 4 
50 avoids unnecessary drastic short term variations in the 
output power level. 

With reference to Fig. 7, the power level control loop 
is now described in connection with the return link RL to 
ensure that the receiver 9 in the earth station 28 
55 receives the desired signal quality. Beginning at user 
terminal 10. an RF signal is output by transmitter 8 
along the return link RL which is received at receiver 9. 
An SNR test module 13 tests the signal-to-noise ratio of 
the incoming RF signal at receiver 9. The received SNR 
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value is compared with the desired SNR value, and the^^ 
difference therebetween is used to determine a new 
power setting command to be passed to the user termi- 
nal 10. The new power setting command identifies the 
power level at which the transmitter 8 must emit RF sig- 
nals along return link RL to ensure that the satellite 
receives such RF signals with sufficient quality. The 
power setting commands are combined with an outgo- 
ing traffic signal within a multiplexor 7 and passed to the 
transmitter 11. The transmitter outputs the RF signal 
containing the power setting commands along the for- 
warxl link FL to the terminal 10. A demultiplexor 3 sepa- 
rates the power level commands from the traffic signal 
and passes the power level commands to the transmit- 
ter 8. The transmitter 8 updates its output power based 
on the received level command. According to the fore- 
going loop, the return link power Is maintained at a 
desired level. 

With reference to Fig. 8, next the discussion turns 
to the process used to automatically control the power 
output levels of the satellite transmitter in forward links 
to all of the associated user terminals. Rg. 8 illustrates 
a satellite 300 which receives RF signals transmitted by 
earth stations 302-306 along fbnward feeder links 308- 
312. Each earth station 302-306 includes a baseband 
subsystem 314 which communicates with an antenna 
subsystem 316. The baseband subsystem314 includes 
a multiplexor 318 which receives RF signals containing 
communications data, command information and the 
like along traffic channels 320 for all of the user termi- 
nals assigned to the earth station 302. The multiplexor 
318 combines the RF signals along traffic channels 320 
with a reference tone produced by tone generator 322. 
The communications signals and reference tone are 
passed along line 324 to the antenna subsystem 
through an automatic gain controller 326. 

The automatic gain controller 326 is controlled to 
adjust the aggregate output power transmitted by 
antenna 328 along the feeder link 308. The RF signal 
transmitted along forward link 308 is received at a 
feeder link 330 and passed to an automatic gain control- 
ler 332. The gain of the automatic gain controller (AGC) 
332 is adjusted to force the level of the reference tone 
embedded in the RF signal to achieve a desired level of 
the AGC output. By adjusting the gain at AGC 332, the 
reference tones from each of the multiple feeder links 
are driven to the same power levels while maintains the 
relationships between individual user power and the ref- 
erence tone. In this way, any differences in propagation 
loss between the multiple feeder links have been com- 
pensated prior to combining the RF signals. The 3-way 
combiner 336 combines the RF signals received at 
feeder links 330, 338 and 340, respectively, and outputs 
same from the antenna 342 which defines the coverage 
region of the satellite. Next, an example is illustrated in 
connection with Figs. 9A and 9B to explain the manner 
in which the preferred embodiment achieves automatic 
level control. 

Fig. 9A illustrates an exemplary RF signal 350 pro- 



duced by the multiplexor 318. The RF signal 350 
includes communications data for multiple subbands 
352. 354 and 356. The composite signal 350 also 
includes a tone 358 produced by tone generator 322. 
5 The reference tone 358 has an amplitude con-espond- 
ing to a predefined power output level. For instance, the 
tone 358 may correspond to two watts of transmission 
power ultimately transmitted by the satellite 300, The 
composite RF signal 350 is passed through the antenna 

10 subsystem 3 1 6 and transmitted from antenna 328. 

During transmission, the RF signal may pass 
tiirough interference, such as clouds, rain and the like. 
Such interference may alter the magnitudes of the sig- 
nals witiiin each subband 352-356 and ttie magnitude of 

IS the reference tone 358. The received composite signal 
360 in Fig. 9A is representative of the signal received at 
feeder link 330. The received compostte signal 360 
includes subband signals 352-356 and a reference tone 
358. The magnitudes of the subband signals and refer- 
ee ence tone have increased, afthough. tiie relative ampli- 
tudes between the subband signals 352-356 and the 
reference tone 358 have not changed. The filter 334 
adjusts the gain of the AGC 332 until it outputs ttie 
received reference tone 368 at an amplitude corre- 

25 sponding to the predefined amplitude associated with 
the predetermined output power level (e.g.. two watts). 
Thereafter, the AGC 332 is conttolled to output ttie 
adjusted composite RF signal 370 (Fig. 9A). As 
adjusted by ttie AGC 332. the RF signal 370 includes a 

30 referenced tone 378 equal in magnitude to tiie original 
reference tone 358 output by the multiplexor 318. In 
addition, the amplitudes of ttie RF signals in subbands 
372-376 equal the anrplitudes of the original subband 
signals 352-356. 

35 Accordingly, by combining reference tones preas- 
signed to a corresponding transmission power level, ttie 
earth station is able to ensure that the satellite receives 
over ttie feeder link a composite RF signal having a 
desired relation between tiie tone and traffic signals 

40 fransmitted from ttie earth station. The subsequent sig- 
nal transmitted from antenna 342 corresponds in ampli- 
tude to ttie amplitudes established by ttie relation 
between subband signals 372-376 and reference tone 
378. Accordingly, by adjusting the amplitude of ttie sub- 

45 band signals 352-356 at the modems relative to the ref- 
erence tone 358. ttie eartti station is able to conttol ttie 
ttansmission power generated witiiin each subband at 
tiie antenna 342. 

Rg. 9B furttier illustrates a second example of ttie 

so automatic level control process according to tiie pre- 
fen-ed embodiment of ttie present invention. Fig. 9B 
illustrates an original composite RF signal 380. a 
received composite RF signal 390, and an adjusted 
composite RF signal 400. The original and adjusted 

55 composite signals 380 and 400 include subband signals 
382-384 and 402-404, which are equal in amplitude. 
Reference tones 386 and 406 are also equal in anpli- 
tude. This amplitude relationship is maintained even 
ttiough ttie received composite RF signal 390 included 
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subband signals and a reference tone 392. 394 and 396 
which substantially differed in anplitude from the origi- 
nal intended signal. 

The adjusted composite RF signals 270 and 300 
are combined in the 3-way combiner 236 and transmit- 
ted along con-esponding subbands to the intended ter- 
minals. 

According to the above described preferred embod- 
iment of the present invention, the SOC 20 allocates 
total satellite power and delivers same to each earth 
station. Within the earth station, the baseband manager 
subdivides the satellites total allocated power between 
beams and subbands. The beam processors, upon 
receiving the sutiband power allocations, control sets of 
modems associated with each subband to achieve 
required fonward link SNR values. The modems adjust 
the output power of RF signals transmitted from the 
antenna suljsystem to the satellite via the feeder link. 
The nrKxJems maintain a desired relation between sub- 
band power levels and a reference tone within each 
transmitted RF signal. The satellite adjusts the AGC 
associated with each feeder link based on the reference 
tone within each received RF signal to properly adjust 
the gain of the incoming RF signal. The satellite then 
combines the adjusted RF signals from the multiple 
feeder links in a combiner and transn^s a composite 
RF signal from the antenna throughout the satellites 
field of coverage with corresponding subbands of pre- 
defined power within each beam spot. The modems 
receive feedback with respect to the signal quality and 
adjust the satellites output power by adjusting the ampli- 
tudes of the RF signals within the composite RF signal 
350. The beam processors, baseband manager and 
SOC adjust the power allocated to each beam based on 
feedback from the modems. 

Optionally, a test module 24 may be provided prox- 
imate the earth station to receive a test RF signal trans- 
mitted from the satellite 30. The test module 24 
measures the total feeder link power relative to the ref- 
erence tone based on a return signal from the satellite 
30. 

Optionally, the baseband manager and beam proc- 
essor may cooperate to redistribute power initially 
reserved for future predicted channels to active chan- 
nels which require additional power to achieve the mini- 
mum acceptable SNR value. For instance, if a particular 
subband is predicted to include 20 channels, the base- 
band nfwnager and beam processor will reserve suffi- 
cient power to service 20 channels if they become 
active. However, during processing if 5 channels are 
active and the remaining are inactive, the beam proces- 
sor and baseband manager may reallocate a percent- 
age of the reserved power to other beams and/or 
subbands which are in need of additional power. The 
baseband manager and beam processor will initially 
divide the available power to support a predetermined 
minimum number of additional active channels from the 
20 predicted channels. 

While particular elements, embodiments and appli- 



cations of the present invention have been shown and 
desaibed, it will be understood, of course, that the 
invention is not limited thereto since modifications may 
be made by those skilled in the art, particularly in light of 
5 the foregoing teachings. It is. therefore, contenplated 
■ by the appended claims to cover such modifications as 
incorporate those features which come within the spirit 
and scope of the invention. 

10 Claims 

1 . A power control subsystem in a satellite based tele- 
communications system for distributing satellite 
transmission power among a plurality of communi- 

15 cations channels between at least one earth station 
arKi at least one user terminal through a satellite, 
said subsystem comprising: 

An operating center for assigning a total satel- 

20 lite available power for use by a satellite with at 

lest one communications channel, said chan- 
nel being in a predetermined subband in a pre- 
determined beam emitted by the satellite; and 
an earth station for controlling distribution of 

25 said total available power among communica- 

tions channels in subbands of beams erratted 
by the satellite, said earth station including a 
baseband manager for dividing said total avail- 
able power between subbands to provide sub- 

30 band power allocations, said earth station 

including a beam processor for determining a 
desired signal quality to be maintained by the 
satellite along said communications channels, 
said beam processor adjusting said desired 

35 signal quality based on said subband power 

allocations. 

2. A subsystem according to claim 1. wherein said 
earth station further includes a plurality of modems 

40 assigned to a con-esponding number of communi- 
cations channels, said modems adjusting a satellite 
transmission power level, at which the satellite 
emits RF signals along of fonward links of said com- 
munications channels, to maintain said desired sig- 

45 nal quality determined by said beam processor. 

3. A subsystem according to claim 1, wherein said 
baseband manager determines subband power 
allocations for each beam based on total satellite 

50 power allocation, PFD limits and required power 
levels reported from said beam processor. 

4. A subsystem according to claim 1, wherein said 
beam processor determines fade margins for each 

55 user terminal within a beam based on subband 
power allocations. 

5. A subsystem accading to claim 1, wherein said 
beam processor determines fade margins based on 
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user terminal type and user terminal position within 
a field of view of a satellite. 

6. A subsystem according to claim 1. wher«n said 
beam processor determines fade margins based on s 
signal-to-noise ratio information reported to said • 
beam processor from a modem corresponding to a 
cun-ent user terminal. 

7. A subsystem according to claim 1. wherein said io 
baseband manager reallocates power between first 
and second subbands to shift power to said first 
subband which requires additional power and to 
shift power from said second sitoand which 
includes excess power. 

8. A subsystem according to claim 1, wherein said 
beam processor decreases a desired signal-to- 
noise ratio for a corresponding subband when a 
con-esponding modem indicates that sufficient so 
power has not been allocated to said subband to 
achieve said desired signal-to-nose ratio. 

9. A subsystem according to claim 1. wherein said 
beam processor reports a subband power denr^nd 25 
for each subband to the baseband manager. 

10. A subsystem according to claim 1, wheran said 
operations center divides a total power capacity of 

a common satellite between earth stations using so 
beams of the common satellite. 

11. A subsystem according to claim 1. wherein said 
operations center provides to said earth station 
power limits per subband per beam. 35 

12. A subsystem according to claim 1, wherein said 
operations center reallocates a total power capacity 
of a common satellite between earth stations using 
beams of the common satellite based on feedback 40 
power requirement information from said earth sta- 
tions. 
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